US009152349B2

a2z United States Patent (10) Patent No.: US 9,152,349 B2
Yochai 45) Date of Patent: Oct. 6, 2015
(54) AUTOMATED INFORMATION LIFE-CYCLE 6,446,161 B1* 9/2002 Yamamoto etal. ........... 711/114
MANAGEMENT WITH THIN PROVISIONING 6,529,995 B1*  3/2003 Shepherd ............ . 711/114
6,779,094 B2* 8/2004 Selkirk et al. ... .. 711/165
. R 6,779,095 B2* 82004 Selkirketal. ................ 711/165
(75) Inventor: Yechiel Yochai, Lincoln, RI (US) 7.085.909 B2* 82006 Ananthanarayanan
tal. ... . 7117202
(73) Assignee: EMC Corporation, Hopkinton, MA 7,093,088 BL* 82006 eToild etal. . 711/162
(as) 7,467,143 B2* 12/2008 NOJIMA ..ocooviveieeriiciinnn /1
7,480,766 B2*  1/2009 Gprqbets ............ 711/115
(*) Notice:  Subject to any disclaimer, the term of this ;:;gg:gé% E%: ggg?g gi)srholﬁ;\:zte;fl:“: 711&1(%
patent is extended or adjusted under 35 2002/0178335 Al* 11/2002 Selkirk etal. ............. 711/162
U.S.C. 154(b) by 994 days. 2003/0195886 Al  10/2003 Vishlitzky et al.
2005/0193058 Al* 9/2005 Yasudaetal. ............ 709/203
(21) Appl. No.: 11/726,831 (Continued)
(22) Filed:  Mar. 23,2007 FOREIGN PATENT DOCUMENTS
(65) Prior Publication Data EP 0801344 A2 10/1997
US 2009/0070541 A1~ Mar. 12, 2009 EP 1657630 AL 5/2006
OTHER PUBLICATIONS
(51) Int.ClL
GO6F 7/00 (2006.01) Bieniek, Daren. “The Essential Guide to Table Partitioning and Data
GOG6F 17/00 (2006.01) Lifecycle Management,” Special Advertising Supplement, SQL
GO6F 17/30 (2006.01) Server Magazine and Windows IT Pro, Mar. 2006.
GOG6F 3/06 (2006.01) (Continued)
(52) US.CL
CPC ............ GOG6F 3/0665 (2013.01); GO6F 3/0605 Primary Examiner — Loan T Nguyen
(2013.01); GOGF 3/0644 (2013.01); GO6F (74) Attorney, Agent, or Firm — Muirhead and Saturnelli,
3/0649 (2013.01); GO6F 3/0683 (2013.01); LLC
GOG6F 17/30067 (2013.01); GOGF 17/30286
(2013.01)  (57) ABSTRACT
(58) Field of Classification Search A f e data includ i )
CPC oo GOGF 17/30067; GOG6F 17/30286 system for managing data includes providing at least one
L . logical device having a table of information that maps sec-
See application file for complete search history. . . . .
tions of the logical device to sections of at least two storage
; areas. Characteristics of data associated with at least one
(56) References Cited " > !
section of the logical device may be evaluated. The at least
U.S. PATENT DOCUMENTS one section of the data may moved between the at least two
) storage areas according to a policy and based on the charac-
5,206,939 A . 4/1993  Yanai et al. teristics of the data. The table of information is updated
S581724 A+ 121996 Belsanetal, . 71114 according o the movement of data between the at least two
5,778,394 A 7/1998 Galtzur et al. storage areas.
5,845,147 A 12/1998 Vishlitzky et al.
5,857,208 A 1/1999 Ofek 20 Claims, 9 Drawing Sheets
START 300
" 200 START
\1 Read table for thin device corresponding 302 Read table for thin device corresponding
to logical tracks being read 1o logical tracks being written |
306
204 304
hysical data™_NO 206 ysical spacd '
exists ? allocated? Identify data device
E -
20 rror processing 114 NO
Identify data device | W Determine next' available ‘
210 N i N data device Identify location
Identify location J 316
212 i Determine next available
\’ Send request to disk adapters ’ t.rafks 308
214 ! 38 Allocate next available tracks and
\‘ Read data from one or more disk drives ‘ update header info
1 Direct incoming data to the data
216 device(s)
\i Send data to host adapter |



US 9,152,349 B2

Page 2
(56) References Cited 2006/0277334 Al* 12/2006 Simetal. .........cooveeni. 710/62
U.S. PATENT DOCUMENTS OTHER PUBLICATIONS
2006/0161749 Al* 7/2006 Chenetal. .oovevveeiveviii, 711/164 Maitland, Jo. “Storage TechnologyNews,” Search Storage.com, Jun.
2006/0184565 Al 8/2006 Nishikawa et al. 2,2004.
2006/0206507 Al*  9/2006 Dahbour ................... 707/100

2006/0224844 Al 10/2006 Kano et al. * cited by examiner



U.S. Patent Oct. 6, 2015 Sheet 1 of 9 US 9,152,349 B2

.22

\_24

STORAGE DEVICE
30

FIG. 1

<
: s ¥)

— [=.

(ag}

[ag]

P
L




U.S. Patent Oct. 6, 2015 Sheet 2 of 9 US 9,152,349 B2

DIR
52¢

STORAGE DEVICE
30

MEM
46
DIR | o
52b
CM
54
FIG. 2

DIR
52a




U.S. Patent Oct. 6, 2015 Sheet 3 of 9

US 9,152,349 B2

............

<
=
<
A

-

<
H><r
.{m\o|
<
>
= o
o)
VTPt
<
[—‘>(\!
<jm\o|
DQ
<
= —
<:U-1\o|
QQ

STORAGE DEVICE
30

FIG. 3




US 9,152,349 B2

Sheet 4 of 9

Oct. 6, 2015

U.S. Patent

8T
TADVIL

A

v "OId

SIT
W INHNA'TH dL

L11
[ INHNATHd dL

911
0 INHINH'TH dL

80T
N Add

LOT
I AHA

90T
0 Add

A

Noﬁ\




US 9,152,349 B2

Sheet 5 of 9

Oct. 6, 2015

U.S. Patent

¢ DIA

JOTIT

OANI ¥4HI1O

2911

YHALNIOd "TAD

POTI

HAINIOd AVHH

911

JOLVIIANI ddddS

Q911

dI 40IA4d VIVd

AN N N N N

BOLT

O4ANI dNOYD

911




US 9,152,349 B2

Sheet 6 of 9

Oct. 6, 2015

U.S. Patent

9 DI4

(o

Buissaooid 1ou1g

AaNd
11depe 150y 0] BIEP PUSS S~
4 91¢C
SOALIP YSIP SIOW JO JUO WOH BIEP PBIY |\
. 14 ¥4
sia)depe ysip 01 1sanbai pus
PE ASIp pusS ~
a [4Y4
UoIe00[ AJrusp]
™
» 01¢C
9DIAD BIEP AJIIUIP]

A

g0z

{, SISTXd

90¢

00¢

BIED [BOISAY

ON
v0¢

peas Suiaq syoery [eo130] 03
3urpuodsa1109 991A3P UL} 10] S[qE) PESY |\

(4114

LIVIS



US 9,152,349 B2

Sheet 7 of 9

Oct. 6, 2015

U.S. Patent

ag Lo

(s)ao1A9p
BJRp JY) 0 BIep Jurodur 1011

L 'DOI4

30¢

uoneooy AJnuapy|

9D1AJD EBIBp AJIIUSPT

|

ojur Jopeay ojepdn

%

syoen

[ 3

901AQP BIEP

{pajedso[e

/

90¢

00¢

dords o154y

SHA
4113

uanlIm 3uraq syorI} [J130] 01
3urpuodsa1109 991A3D UTY) JOJ 9[qE) PeY

PUE SYOBI} 3[qE[IBAR JXU 31BIO[[Y |\

81¢

J[qe[TEAR JXaU QUTULII(] .

91¢

9[qB[IBAE JXU SUIULIS( .

1453

LIVIS

0¢



US 9,152,349 B2

Sheet 8 of 9

Oct. 6, 2015

U.S. Patent

00y

8 ‘DId

Caw

901AP BJEP IS11J 3y} uo syoen Jo dnoid ajedoeag

LAVLS

I

1 30y
9[qel 9repdn
I
7' 90¥
901A9D BIBP JO SSB[O JUAIJJIP 9Y) 0}
SSB[O QUO JO JJ1AIP BIep 154y wody ejep Ado) N
K 1447
901ASD BIBP JO SSB[O JUIISJJIP B IIM PIIBIOOSSE
syoen Jo dnoad 9100y AN
oy



US 9,152,349 B2

Sheet 9 of 9

Oct. 6, 2015

U.S. Patent

6 ‘DId

00¢

_DZm_

B1ep pa1ols

SHA

oIoW o3eUBA

45

,Aorod
JUSIIJIP 109

Koa170d 0) UIPIOOdE BIRp PAIOIS dFRUBIN

4

f

L » ejep paiols o3 Lo1jod A1ddy

{

Kor1od JuswoSeurw vIRp SS000Y

ﬁ

€Jep PaI0)s JO SOIISLIIORIBYD AJJUSP]

LAVLS

80¢

90¢

¥0S

0§



US 9,152,349 B2

1
AUTOMATED INFORMATION LIFE-CYCLE
MANAGEMENT WITH THIN PROVISIONING

TECHNICAL FIELD

This application relates to computer storage devices and,
more particularly, to the field of managing data stored on a
computer storage device.

BACKGROUND OF THE INVENTION

Host processor systems may store and retrieve data using
storage devices containing a plurality of host interface units
(host adapters), disk drives, and disk interface units (disk
adapters). Such storage devices are provided, for example, by
EMC Corporation of Hopkinton, Mass. and disclosed in U.S.
Pat. No. 5,206,939 to Yanai et al., U.S. Pat. No. 5,778,394 to
Galtzuret al., U.S. Pat. No. 5,845,147 to Vishlitzky et al., and
U.S. Pat. No. 5,857,208 to Ofek, which are incorporated
herein by reference. The host systems access the storage
device through a plurality of channels provided therewith.
Host systems provide data and access control information
through the channels of the storage device and the storage
device provides data to the host systems also through the
channels. The host systems do not address the disk drives of
the storage device directly, but rather, access what appears to
the host systems as a plurality of logical volumes. Different
sections of the logical volumes may or may not correspond to
the actual disk drives.

Information Lifecycle Management (ILM) concerns the
management of data throughout the data’s lifecycle. The
value of data may change over time and, accordingly, the
needs for the storage and accessibility of the data may change
during the lifecycle of the data. For example, data that is
initially accessed often may, over time, become less valuable
and the need to access that data become more infrequent. It
may not be efficient for such data infrequently accessed to be
stored on a fast and expensive storage device. On the other
hand, older data may suddenly become more valuable and,
where once accessed infrequently, become more frequently
accessed. In this case, it may not be efficient for such data to
be stored on a slower storage system when data access fre-
quency increases.

Accordingly, it would be desirable to provide a system that
allows for the efficient automatic management of data in a
storage system throughout the data’s lifecycle on each section
of the user logical volume based on a user defined policy.

SUMMARY OF THE INVENTION

According to the system described herein, a method for
managing data includes providing at least one logical device
having a table of information that maps sections of the logical
device to sections of at least two storage areas. Characteristics
of data associated with at least one section of the logical
device may be evaluated. At least one section may be moved
between the at least two storage areas according to a policy
and based on the characteristics of the data. The table of
information is updated according to the movement of data
between the at least two storage areas. In response to a request
for accessing data of the at least one logical device, a location
of'the data is determined on the at least two storage areas and
the data is accessed on the particular one of the storage areas
using the table of information. In response to a request for
writing new data to the logical device, an available location
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for the new data may be determined on at least one of the at
least two storage areas and the new data written to at least one
of the storage areas.

The characteristics of the data may include at least one of:
frequency of use of the data, a time of last use of the data, and
user information associated with the data. Characteristics of
the data may be updated after data access. Moving data
between the at least two storage areas may be performed
automatically based on at least one of: periodically and after
a trigger event and/or may be initiated by a user or adminis-
trator. The trigger event may include atleast one of: alog in by
auser, a log out by a user, and an assessment of at least one of
the two storage areas. The policy may include criteria for
managing data according to at least one of: frequency of use
of'the data, a time oflast use of the data, and user information
associated with the data. The logical device may include a
thin device and each of the at least two storage areas may
include a data device. Further, another logical device may be
provided that is served by a same pool of data devices as the
at least one logical device.

According further to the system described herein, a com-
puter program product, stored in a computer-readable
medium, for managing data includes executable code that
provides at least one logical device having a table of infor-
mation that maps sections of the logical device to sections of
at least two storage areas. Executable code may be provided
that evaluates characteristics of data associated with at least
one section of the logical device. Executable code may be
provided that moves the at least one section between the at
least two storage areas according to a policy and based on the
characteristics of the data. Executable code may be provided
that updates the table of information according to the move-
ment of data between the at least two storage areas. Execut-
able code may be provided that, in response to a request for
accessing data of the at least one logical device, determines a
location of the data on the at least two storage areas and
accesses the data on the particular one of the storage areas
using the table of information. Executable code may be pro-
vided that, in response to a request for writing new data to the
at least one logical device, determines an available location
for the new data on at least one of the at least two storage areas
and writes the new data to at least one of the storage areas.
Further, executable code may be provided that provides
another logical device that is linked to the at least one logical
device.

According further to the system described herein, a com-
puter storage device includes a plurality of interconnected
directors, wherein at least some of the directors handle read-
ing and writing data for the computer storage device. A plu-
rality of disk drives, coupled to at least some of the directors,
store data for the computer storage device. Computer soft-
ware, provided on a computer readable medium of at least one
of the directors, includes executable code that provides at
least one logical device having a table of information that
maps sections of the logical device to sections of at least two
storage areas associated with the disk drives; executable code
that evaluates characteristics of data associated with the at
least one section of the logical device; executable code that
moves the at least one section between the at least two storage
areas according to a policy and based on the characteristics of
the data; and executable code that updates the table of infor-
mation according to the movement of data between the at
least two storage areas.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the system are described with reference to
the several figures of the drawings, described as follows.
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FIG. 1 is a schematic diagram showing a plurality of hosts
and a data storage device in connection with an embodiment
of the system described herein.

FIG. 2 is a schematic diagram showing a storage device,
memory, a plurality of directors, and a communication mod-
ule in connection with an embodiment of the system
described herein.

FIG. 3 is a schematic diagram showing a storage device
including thin devices and data devices in connection with an
embodiment of the system described herein.

FIG. 4 is a schematic diagram illustrating tables that are
used to keep track of device information in connection with
an embodiment of the system described herein.

FIG. 5 is a schematic diagram showing a group element of
a thin device table in connection with an embodiment of the
system described herein.

FIG. 6 is a flow diagram illustrating processing for han-
dling a read of one or more logical tracks of a thin device in
connection with an embodiment of the system described
herein.

FIG. 7 is a flow diagram illustrating processing for han-
dling a write of one or more logical tracks to the thin device in
connection with an embodiment of the system described
herein.

FIG. 8 is a flow diagram illustrating processing for copying
and remapping physical data within a storage device in con-
nection with an embodiment of the system described herein.

FIG. 9 is a flow diagram illustrating implementation of a
policy to data storage and management in connection with an
embodiment of the system described herein.

DETAILED DESCRIPTION OF VARIOUS
EMBODIMENTS

Referring now to the figures of the drawings, the figures
comprise a part of this specification and illustrate exemplary
embodiments of the described system. It is to be understood
that in some instances various aspects of the system may be
shown schematically or may be shown exaggerated or altered
to facilitate an understanding of the system.

FIG. 1 is a schematic illustration showing a storage device
30 that includes a plurality of host adapters (HA) 32-34, a
plurality of disk adapters (DA) 36-38 and a plurality of disk
drives 42-44. Each of the disk drives 42-44 is coupled to a
corresponding one of the DA’s 36-38. Although FIG. 1 shows
a one-for-one correspondence between the DA’s 36-38 and
the disk drives 36-38, it should be understood that it is pos-
sible to couple more than one disk drive to a DA and/or to
couple more than one DA to a disk drive. The storage device
30 also includes a global memory 46 that may be accessed by
the HA’s 32-34 and the DA’s 36-38. The storage device 30
also includes an RDF adapter (RA) 48 that may also access
the global memory 46. The RA 48 may communicate with
one or more additional remote storage devices (not shown)
and/or one or more other remote devices (not shown) via a
data link 22. The HA’s 32-34, the DA’s 36-38, the global
memory 46 and the RA 48 may be coupled to a bus 24 that is
provided to facilitate communication therebetween. In vari-
ous embodiments, additional RA’s may be incorporated into
the storage device 30.

Eachofthe HA’s 32-34 may be coupled to one or more host
computers (not shown) that access the storage device 30. The
host computers (hosts) access data on the disk drives 42-44
through the HA’s 32-34 and the DA’s 36-38. The global
memory 46 contains a cache memory that holds tracks of data
read from and/or to be written to the disk drives 42-44 as well
as storage for tables that may be accessed by the HA’s 32-34,
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4

the DA’s 36-38 and the RA 48. Note that, for the discussion
herein, blocks of data are described as being a track or tracks
of data. However, it will be appreciated by one of ordinary
skill in the art that the system described herein may work with
any appropriate incremental amount, or section, of data,
including possibly variable incremental amounts of data and/
or fixed incremental amounts of data.

FIG. 2 is schematic diagram showing an embodiment of
the storage device 30 where each of a plurality of directors
52a-52c are coupled to the memory 46. Each of the directors
52a-52¢ may represent one or more of the HA’s 32-34, the
DA’s 36-38 and/or RA 48. In an embodiment disclosed
herein, there may be up to sixty-four directors coupled to the
memory 46. Of course, for other embodiments, there may be
a higher or lower maximum number of directors that may be
used.

The diagram 50 also shows an optional communication
module (CM) 54 that provides an alternative communication
path between the directors 52a-52¢. Each of the directors
52a-52¢ may be coupled to the CM 54 so that any one of the
directors 52a-52¢ may send a message and/or data to any
other one of the directors 52a-52¢ without needing to go
through the memory 46. The CM 54 may be implemented
using conventional MUX/router technology where a sending
one of the directors 52a-52¢ provides an appropriate address
to cause a message and/or data to be received by an intended
receiving one of the directors 52a-52¢. Some or all of the
functionality of the CM 54 may be implemented using one or
more of the directors 52a-52¢ so that, for example, the direc-
tors 52a-52¢ may be interconnected directly with the inter-
connection functionality being provided on each of the direc-
tors 52a-52c¢. In addition, a sending one of the directors 52a-
52¢ may be able to broadcast a message to all of the other
directors 52a-52¢ at the same time.

In some embodiments, one or more of the directors 52a-
52¢ may have multiple processor systems thereon and thus
may be able to perform functions for multiple directors. In
some embodiments, at least one of the directors 52a-52¢
having multiple processor systems thereon may simulta-
neously perform the functions of at least two different types
of directors (e.g., an HA and a DA). Furthermore, in some
embodiments, at least one of the directors 52a-52¢ having
multiple processor systems thereon may simultaneously per-
form the functions of different types of director and perform
other processing with the other processing system.

The system described herein is suitable for use with the
technique of thin provisioning. Thin provisioning allows for
the creation of logical volumes of storage space where allo-
cation of physical storage space occurs only when space is
actually needed (e.g., when data is written in the first time to
the storage space). Logical storage space may be identified to
a user as being available even though no physical storage
space has been committed, at least initially. When data is
written to the logical storage space, physical storage space is
drawn for use from a pool of physical storage space, as further
described elsewhere herein. In addition, as described in more
detail elsewhere herein, stored data may be moved between
physical locations using the storage infrastructure described
herein.

FIG. 3 is a schematic diagram showing the storage device
30 as including a plurality of data devices 61-68. Data devices
61-67 may be implemented as logical devices like standard
logical devices provided in a Symmetrix data storage device.
In some embodiments, the data devices 61-67 may not be
directly useable (visible) to hosts coupled to the storage
device 30. Each of the data devices 61-67 may correspond to
a portion (including a whole portion) of one or more of the
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disk drives 42-44. Thus, for example, the data device 61 may
correspond to the disk drive 42, may correspond to a portion
of'the disk drive 42, or may correspond to a portion of the disk
drive 42 and a portion of the disk drive 43. The data devices
61-67 may be designated as corresponding to different
classes, so that different ones of the data devices 61-67 cor-
respond to different physical storage having different relative
access speeds (or some other relevant distinguishing charac-
teristic or combination of characteristics), as further dis-
cussed elsewhere herein. The data device 68 is illustrated with
broken lines to indicate that the data device 68 that does not
yet exist but may be created, as further discussed elsewhere
herein.

The storage device 30 may also include one or more thin
devices 71-74. Each of the thin devices 71-74 may appear to
a host coupled to the storage device 30 as a logical volume
(logical device) containing a contiguous block of data stor-
age. Hach of the thin devices 71-74 may contain tables that
point to some or all of the data devices 61-67 (or portions
thereof), as further discussed elsewhere herein. In some
instances, the thin devices 71-74 may be concatenated to form
a metavolume of thin devices. In some embodiments, only
one thin device may be associated with the same data device
while, in other embodiments, multiple thin devices may be
associated with the same data device.

In some embodiments, it may be possible to implement the
system described herein using storage areas, instead of stor-
age devices. Thus, for example, the thin devices 71-74 may be
thin storage areas, the data devices 61-67 may be standard
logical areas, and so forth. In some instances, such an imple-
mentation may allow for hybrid logical devices where a
single logical device has portions that behave as a data device
and/or portions that behave as a thin device. Accordingly, it
should be understood that, in appropriate instances, refer-
ences to devices in the discussion herein may also apply to
storage areas that may or may not correspond directly with a
storage device.

FIG. 4 is a diagram 100 illustrating tables that are used to
keep track of device information. A first table 102 corre-
sponds to all of the devices used by a storage device or by an
element of a storage device, such as an HA and/or a DA. The
table 102 includes a plurality of logical device (logical vol-
ume) entries 106-108 that correspond to all the logical
devices used by the storage device (or portion of the storage
device). The entries in the table 102 may include information
for thin devices, for data devices, for standard logical devices,
for virtual devices, for BCV devices, and/or any or all other
types of logical devices used in connection with the system
described herein.

Each of the entries 106-108 of the table 102 correspond to
another table that may contain information for one or more
logical volumes, such as thin device logical volumes. For
example, the entry 107 may correspond to a thin device table
112. The thin device table 112 may include a header 114 that
contains overhead information, such as information identify-
ing the corresponding thin device, information concerning
the last used data device and/or other information including
counter information, such as a counter that keeps track of
used group entries (described below). The header informa-
tion, or portions thereof, may be available globally to the
storage device 30.

The thin device table 112 may include one or more group
elements 116-118, that contain information corresponding to
a group of tracks on the data device. A group of tracks may
include one or more tracks, the number of which may be
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configured as appropriate. In an embodiment herein, each
group has sixteen tracks, although this number may be con-
figurable.

One of the group elements 116-118 (for example, the group
element 116) of the thin device table 112 may identify a
particular one of the data devices 61-67 having a track table
122 that contains further information, such as a header 124
having overhead information and a plurality of entries 126-
128 corresponding to each of the tracks of the particular one
of the data devices 61-67. The information in each of the
entries 126-128 may include a pointer (either direct or indi-
rect) to the physical address on one of the disk drives 42-44 of
the storage device 30 (or a remote storage device ifthe system
is so configured) that maps to the logical address(es) of the
particular one of the data devices 61-67. Thus, the track table
122 may be used in connection with mapping logical
addresses of the logical devices corresponding to the tables
102, 112, 122 to physical addresses on the disk drives 42-44
of the storage device 30.

The tables 102, 112, 122 may be stored in the global
memory 46 of the storage device 30. In addition, the tables
corresponding to particular logical devices accessed by a
particular host may be stored (cached) in local memory of the
corresponding one of the HA’s 32-36. In addition, the RA 48
and/or the DA’s 36-38 may also use and locally store (cache)
portions of the tables 102, 112, 122.

FIG. 5 is a schematic diagram illustrating a group element
116 of the thin device table 112 in connection with an
embodiment of the system described herein. The group ele-
ment 116 may includes a plurality of entries 116a-116f- The
entry 116a may provide group information, such as a group
type that indicates whether there has been physical address
space allocated for the group. The entry 11656 may include
information identifying one (or more) of the data devices
61-67 that correspond to the group (i.e., the one of the data
devices 61-67 that contains pointers for physical data for the
group). The entry 116¢ may include other identifying infor-
mation for the one of the data devices 61-67, including a
speed indicator that identifies, for example, if the data device
is associated with a relatively fast access physical storage
(disk drive) or a relatively slow access physical storage (disk
drive). Other types of designations of data devices are pos-
sible (e.g., relatively expensive or inexpensive). The entry
1164 may be a pointer to a head of the first allocated track for
the one of the data devices 61-67 indicated by the data device
ID entry 11654. Alternatively, the entry 1164 may point to
header information of the data device track table 122 imme-
diately prior to the first allocated track. The entry 116e may
identify a cylinder of a first allocated track for the one the data
devices 61-67 indicated by the data device ID entry 1165. The
entry 116/ may contain other information corresponding to
the group element 116 and/or the corresponding thin device.
In other embodiments, entries of the group table 116 may
identify a range of cylinders of the thin device and a corre-
sponding mapping to map cylinder/track identifiers for the
thin device to tracks/cylinders of a corresponding data device.
In an embodiment, the size of table element 116 may be eight
bytes.

Accordingly, a thin device presents a logical storage space
to one or more applications running on a host where different
portions of the logical storage space may or may not have
corresponding physical storage space associated therewith.
However, the thin device is not mapped directly to physical
storage space. Instead, portions of the thin storage device for
which physical storage space exists are mapped to data
devices, which are logical devices that map logical storage
space of the data device to physical storage space on the disk
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drives 42-44. Thus, an access of the logical storage space of
the thin device results in either a null pointer (or equivalent)
indicating that no corresponding physical storage space has
yet been allocated, or results in a reference to a data device
which in turn references the underlying physical storage
space.

FIG. 6 is a flow diagram 200 illustrating processing for
handling a read of one or more logical tracks of one of the thin
devices 71-74 in an embodiment of the system described
herein. In a step 202, an appropriate one of the host adapters
32-34 reads the group table 112 of the one of the thin devices
71-74 corresponding to the logical tracks being read. After the
step 202, ata test step 204, it is determined whether the logical
tracks identified from the group table 112 corresponds to any
of'the data devices 61-67 (i.e., if there is physical data corre-
sponding to the logical tracks being read). If there is no
corresponding physical data (meaning that no logical track(s)
were ever written), then processing proceeds to a step 206
where an error processing is performed, such as returning a
NULL value to the host. Other appropriate error processing
may be performed at the step 206. After the step 206, pro-
cessing is complete.

Ifit is determined at the step 204 that there is physical data
corresponding to the logical tracks being read, then process-
ing proceeds to a step 208 where one or more of the data
devices 61-67 associated with the logical tracks being read
are identified from the group table 112. After the step 208,
processing proceeds to a step 210 where the track table 122 is
read from the identified one or more of the data devices 61-67
and the corresponding location of the physical data (i.e.,
cylinder and track) is determined. As further discussed else-
where herein, physical storage space may be provided in
connection with one data device and/or by a concatenation of
multiple data devices or portions thereof. Logical storage
space of the physical devices maps to logical storage space.
After the step 210, processing proceeds to a step 212 where a
request may be sent to one or more disk adapters 36-38
corresponding to disk drives 42-44 that provide the physical
storage space associated with the identified one of the data
devices 61-67 and corresponding location information. After
the step 212, processing proceeds to a step 214 where the
physical data is read. Note that the data may be stored in a
cache or other memory (for example, the memory 46) in
connection with being read. After the step 214, processing
proceeds to a step 216 where the data may be received by an
appropriate one of the host adapters 32-34 (e.g., by reading
the memory 46). After the step 216, processing is complete.

FIG. 7 is a flow diagram 300 illustrating processing for
handling a write of logical track(s) to one or more of the thin
device(s) 71-74 in connection with the system described
herein. At a step 302, an appropriate one of the host adapters
32-34 reads the group table 112 of'the one of the thin device(s)
71-74 corresponding to the logical tracks being written.

Following the step 302 is a test step 304 where it is deter-
mined whether physical space had been previously allocated
(i.e., in a prior write operation) for the logical tracks being
written. If so, then processing proceeds to a step 306 where
the data device that includes the logical tracks is identified.
After the step 306, is a step 308 where the track table 122 is
read from the identified one or more of the data devices 61-67
and the corresponding location of the physical data (i.e.,
cylinder and track) is determined. As further discussed else-
where herein, physical storage space may be provided in
connection with one data device and/or by a concatenation of
multiple data devices or portions thereof. Logical storage
space of the physical devices maps to logical storage space.
Following the step 308 processing proceeds to a step 312
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where the data being written is directed to the appropriate
physical storage space. The incoming data overwrites the
appropriate portion of the data where directed. After the step
312, processing is complete.

If it is determined at the step 304 that there is no physical
storage that has been allocated for the logical track(s) being
written, then control transfers from the step 304 to a step 314,
where a next available data device identifier (i.e., the data
device 68) is determined. This information may be obtained
from the header 114 of the device table 112. In an embodi-
ment herein, data device identifiers are provided by numbers
so that a next available data device identifier is simply one
more than a last allocated data device.

After the step 314, processing proceeds to a step 316 where
available physical storage space on the disk drives 42-44 is
determined. In an embodiment herein, available physical
storage space is allocated sequentially from one or more of
the disk drives 42-44. Following the step 316 is a step 318
where a request may be sent to a disk adapter 36-38 to allocate
the physical storage space for the write. Also at the step 318,
header info is updated to reflect the newly allocated data
device and physical tracks. After the step 318, processing
proceeds to the step 312, discussed above, where the data
being written is directed to the one or more data devices. After
the step 312, processing is complete.

After the read and write processes illustrated in FIGS. 6
and 7, information concerning access of the data, such as
access frequency, time of last access or use and/or other
characteristics and statistics, may be updated and stored by
the system described herein. The updated data access infor-
mation or other characteristic information of the data and/or
any portion of the data may, for example, be stored as an entry
in a group element of the thin device table 112 (for example,
the entry 116/ of the group element 116 as shown in FIG. 5).
Alternatively, the data characteristic information may be
stored in a memory, such as the global memory 46 of the
storage device 30, and a pointer to this information stored in
the group element 116. Other implementations for storing and
access of the data characteristic information are possible.

The allocation of the physical storage space for a thin
device at the time of writing the data may be transparent to a
user. For example, a user’s inquiry into how much storage
space is available on a particular thin device may indicate a
maximum amount of physical storage space that could be
allocated for athin storage device (provisioned storage space)
even though the corresponding physical storage space had not
yet been allocated. In some embodiments, used physical stor-
age space does not exceed 30% of the provisioned storage
space.

In an embodiment herein, different of the physical data
may be automatically moved between different physical disk
drives or other storage devices with different characteristics
according to one or more policies. For example, data may be
initially allocated to a particular fast disk drive, but a portion
of the data that has not been used over a period of time (for
example, three weeks) may be automatically moved, accord-
ing to the system described herein, to a slower (and perhaps
less expensive) disk drive. The physical data may then be
automatically moved back to the faster disk drive if the data is
subsequently used and/or accessed according to a policy or
other criteria (for example, accessed twice in any given
week), as further described herein. Thus, the system
described herein may operate to automatically move data
between disk drives or other storage devices within the same
machine according to the one or more policies.

A policy may be configured by an administrator on a sys-
tem-wide level or may be specific to a particular user on a
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specific logical device. The system described herein allows
for the remapping of physical data based on policy criteria or
other statistics. For example, the policy may be based on the
last time data was used and/or accessed. Alternatively, the
policy may be based on anticipated use of data over specific
times and/or dates. For example, data that is expected to be
used at a particular time may be stored on relatively fast disk
drives and then moved to relatively slow disk drives when it is
expected that the data will not be used. Moreover, different
policies and/or criteria may be implemented corresponding to
different users and/or difterent levels of importance or secu-
rity of data. For example, it may be known that user A
accesses particular data more frequently than user B and,
accordingly, the policy for moving physical data according to
the system described herein may be to leave more data asso-
ciated with user A on the relatively fast disk drive as compared
with the data associated with user B. Alternatively, user A
may access data that is generally of a higher level of impor-
tance or requires higher security than that of user B and,
accordingly, the system described herein may maintain and/
or move more data associated with user A on a disk drive that
is relatively more reliable and/or secure as compared with the
data associated with user B.

In an embodiment herein, data may be moved between
physical disk drives (or other physical storage) having differ-
ent characteristics, such as speed, cost, reliability, security
and/or other characteristics. As discussed elsewhere herein,
logical data devices may be established having different
classes corresponding to characteristics of the physical disk
drives to which the data devices are mapped. Further, it should
be noted that any section of the logical device may be moved
according to the system described herein based on the char-
acteristics of the data.

FIG. 8 is a flow diagram 400 illustrating processing for
copying and remapping physical data according to the system
described herein. In a step 402, a group of tracks is allocated
on a data device having a second class than a data device of a
first class, where the first and second classes are different. For
example, the data device having a different class may be
mapped to a physical disk drive that is slower than that of the
data device of the first class, as further discussed elsewhere
herein. After the step 402, processing proceeds to a step 404
where data associated with the data device of the first class is
copied to a location corresponding to the data device of the
second class. After the step 404, processing proceeds to a step
406 where the group table of the thin device is updated in
accordance with the remapping. After the step 406, process-
ing proceeds to a step 408 where the group of tracks associ-
ated with the data device of the first class, from which the data
was copied, is deallocated, freeing the locations for future
use.

FIG. 9 is a flow diagram 500 illustrating implementation of
apolicy for data storage and management in connection with
an embodiment of the system described herein. In a step 502,
certain characteristics of stored data are identified (for
example, from the group element 116, as discussed elsewhere
herein). In various embodiments, the characteristics may
include usage information such as when the stored data was
last accessed and/or how often the stored data has been
accessed over a specific time period (for example, hours,
days, weeks, etc. . .. ). As further discussed elsewhere herein,
the characteristics may also include particular user informa-
tion corresponding to the stored data. After the step 502,
processing proceeds to a step 504 where policy information is
accessed. The policy information provides the specific crite-
ria used for data storage and management.
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After the step 504, processing proceeds to a step 506 where
the policy is applied to the stored data. The policy may
include criteria used for managing stored data such as criteria
concerning frequency of use of data and/or criteria with
respect to specific users and/or other criteria. The policy may
be applied to identify data for lifecycle management accord-
ing to characteristics of entire data volumes or any portions
thereof.

After the step 506, processing proceeds to a step 508 where
the data for which characteristics have been determined is
managed according to the policy and based on the character-
istics of the data. For example, data that is frequently used
may be moved to a relatively fast storage device whereas data
that has not been used over a certain period of time may be
moved to a relatively slow storage device according to the
data processing as discussed elsewhere herein. As noted
herein, the data that is moved may be entire data volumes or
portions thereof.

After the step 508, processing proceeds to a test step 510
where it is determined if another policy with other criteria
should be applied to the stored data being managed. If an
additional policy is to be applied, then processing proceeds to
the step 506. If no further policies are to be applied then
processing proceeds to a test step 512 where it is determined
whether there is more data to be managed according to the
system described herein. If there is further stored data to
manage, then processing proceeds back to the step 502. If no
further stored data is to be managed, then after the test step
512, processing is complete.

The above-noted steps may be performed automatically by
the system described herein. For example, the above-noted
steps may be performed periodically, at designated times,
and/or after particular trigger events, such as access by a
particular user to the system (log in and/or log out) and/or
after assessment of space usage on the disk drives (for
example, space usage on the fast disk drive). Alternatively, the
above-noted steps may be activated manually by a user and/or
a system administrator. In an embodiment, the system
described herein may include a system having at least one
processor that performs any of the above-noted steps. Further,
computer software, stored in a computer-readable medium,
may be provided according to the system described herein
including executable code for carrying out any of the above-
noted steps and processes.

Other embodiments of the invention will be apparent to
those skilled in the art from a consideration of the specifica-
tion or practice of the invention disclosed herein. It is
intended that the specification and examples be considered as
exemplary only, with the true scope and spirit of the invention
being indicated by the following claims.

What is claimed is:

1. A method for managing data in a thin provisioning
environment, comprising:

providing at least one first device having a first table of

information that maps sections of the first device to
allocated sections of physical storage space of at least
one storage area among a plurality of storage areas;
providing at least one second device, the second device
being a logical device and including a thin device of the
thin provisioning environment that presents storage
space to one or more requesting devices as being avail-
able for input/output (I/O) operations even though no
physical storage space has been initially committed for
the /O operations, wherein the thin device is not
mapped directly to the physical storage space, and
wherein the thin device includes a second table of infor-
mation that: (1) maps sections of the thin device to the
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sections of the first device that are then mapped, using
the first table of information, to the allocated sections of
the physical storage space of the at least one storage area
and (ii) identifies unallocated sections of the physical
storage space of the plurality of storage areas and pre-
sents the unallocated sections of the physical storage
space as available for I/O operations to any of the one or
more requesting devices;

evaluating characteristics of data associated with at least

one of the sections of the first device;

moving the data associated with the at least one of the

sections of the first device from the physical storage
space of the at least one storage area to the physical
storage space of another of the plurality of storage areas
according to a policy and based on the characteristics of
the data; and

updating the first table of information of the first device and

the second table of information of the thin device
according to the movement of the data among the physi-
cal storage space of the plurality of storage areas.

2. The method as recited in claim 1, further comprising:

in response to a request for accessing data associated with

the first device, determining a location of the data on the
plurality of storage areas and accessing the data on a
particular one of the storage areas using the first table of
information and the second table of information.

3. The method as recited in claim 1, further comprising:

in response to a request for writing new data to the first

device, determining an available location for the new
data on at least one of the plurality of storage areas and
writing the new data to the at least one of the plurality of
storage areas.

4. The method as recited in claim 1, wherein the character-
istics of the data include at least one of: frequency of use of the
data, a time of last use of the data, or user information asso-
ciated with the data.

5. The method as recited in claim 1, further comprising:

updating characteristics of the data after data access.

6. The method as recited in claim 1, wherein moving the
data among the plurality of storage areas is performed auto-
matically according to at least one of: periodically or after a
trigger event.

7. The method as recited in claim 6, wherein the trigger
event includes at least one of: a log in by a user, a log out by
a user, or an assessment of at least one of the plurality of
storage areas.

8. The method as recited in claim 1, wherein the policy
includes criteria for managing data according to at least one
of: frequency of use of the data, a time of last use of the data,
or user information associated with the data.

9. The method as recited in claim 1, wherein the first device
includes a data device.

10. The method as recited in claim 1, further comprising:

providing another logical device that is served by a same

pool of data devices as the second device.

11. A non-transitory computer-readable storage medium
storing software for managing data, the software comprising:

executable code that provides at least one first device hav-

ing a first table of information that maps sections of the
first device to allocated sections of physical storage
space of at least one storage area among a plurality of
storage areas;

executable code that provides at least one second device,

the second device being a logical device and including a
thin device of the thin provisioning environment that
presents storage space to one or more requesting devices
as being available for input/output (I/O) operations even
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though no physical storage space has been initially com-
mitted for the [/O operations, wherein the thin device is
not mapped directly to the physical storage space, and
wherein the thin device includes a second table of infor-
5 mation that: (1) maps sections of the thin device to the
sections of the first device that are then mapped, using
the first table of information, to the allocated sections of
the physical storage space of the at least one storage area
and (ii) identifies unallocated sections of the physical
storage space of the plurality of storage areas and pre-
sents the unallocated sections of the physical storage
space as available for I/O operations to any of the one or
more requesting devices;
executable code that evaluates characteristics of the data
associated with at least one of the sections of the first
device;

executable code that moves the data associated with the at

least one of the sections of the first device from the
physical storage space of the at least one storage area to
the physical storage space of another of the plurality of
storage areas according to a policy and based on the
characteristics of the data; and

executable code that updates the first table of information

of the first device and the second table of information of
the thin device according to the movement of the data
among the physical storage space of the plurality of
storage areas.

12. The non-transitory computer-readable storage medium
as recited in claim 11, further comprising:

executable code that, in response to a request for accessing

data of'the at least one first device, determines a location
of the data on the plurality of storage areas and accesses
the data on a particular one of the storage areas using the
first table of information and the second table of infor-
mation.

13. The non-transitory computer-readable storage medium
as recited in claim 11, further comprising:

executable code that, in response to a request for writing

new data to the at least one first device, determines an
available location for the new data on at least one of the
plurality of storage areas and writes the new data to the
at least one of the plurality of storage areas.

14. The non-transitory computer-readable storage medium
as recited in claim 11, wherein the characteristics of the data
include at least one of: frequency of use of the data, a time of
last use of the data, or user information associated with the
data.

15. The non-transitory computer-readable storage medium
as recited in claim 11, wherein moving the data among the
plurality of storage areas is performed automatically accord-
ing to at least one of: periodically or after a trigger event.

16. The non-transitory computer-readable storage medium
55 as recited in claim 15, wherein the trigger event includes at

least one of: a log in by a user, a log out by a user, or an
assessment of at least one of the plurality of storage areas.
17. The non-transitory computer-readable storage medium
as recited in claim 11, wherein the policy includes criteria for
60 managing data according to at least one of: frequency of use
of the data, a time of last use of the data, or user information
associated with the data.
18. The non-transitory computer-readable storage medium
as recited in claim 11, wherein the first device includes a data
65 device.
19. The non-transitory computer-readable storage medium
as recited in claim 11, further comprising:
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executable code that provides another logical device that is
served by a same pool of data devices as the second
device.
20. A computer storage device, comprising:
a plurality of interconnected directors, wherein at least
some of'the directors handle reading and writing data for
the computer storage device;
a plurality of disk drives, coupled to at least some of the
directors, that store data for the computer storage device;
and
computer software, provided on a computer readable
medium of at least one of the directors, having:
executable code that provides at least one first device
having a first table of information that maps sections
of the first device to allocated sections of physical
storage space of at least one storage area among a
plurality of storage areas associated with the disk
drives;

executable code that provides at least one second device,
the second device being alogical device and including
athin device of the thin provisioning environment that
presents storage space to one or more requesting
devices as being available for input/output (I/O)
operations even though no physical storage space has
been initially committed for the I/O operations,
wherein the thin device is not mapped directly to the
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physical storage space, and wherein the thin device
includes a second table of information that: (i) maps
sections of the thin device to the sections of the first
device that are then mapped, using the first table of
information, to the allocated sections of the physical
storage space of the at least one storage area and (ii)
identifies unallocated sections of the physical storage
space of the plurality of storage areas and presents the
unallocated sections of the physical storage space as
available for I/O operations to any of the one or more
requesting devices;

executable code that evaluates characteristics of the data
associated with at least one of the sections of the first
device;

executable code that moves the data associated with the
at least one of the sections of the first device from the
physical storage space of the at least one storage area
to the physical storage space of another of the plural-
ity of storage areas according to a policy and based on
the characteristics of the data; and

executable code that updates the first table of informa-
tion of the first device and the second table of infor-
mation of the thin device according to the movement
of the data among the physical storage space of the
plurality of storage areas.
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